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Abstract
Manufacturing firms are now embedding digital technology into products to offer digital services to
their customers. Digital services create opportunities for firms to add new value dimensions to their
businesses as firms now can expand their businesses from tangible products to digital services.
Existing research explains three value dimensions. ‘Value-in-exchange’ is traditionally followed by
manufacturing firms where they determine monetary value for their products and exchange the value
with customers. Recent research argues that ‘value-in-exchange’ does not emphasize on interacting
with customers and value is determined through ‘value-in-use’ and ‘value-in-cocreation’. With the
utilization of embedded digital technology in products, new digital services are rendered and new
value dimensions are emanating. Existing research informs little about the value dimensions of digital
services that result from the combination of digital technology and tangible products. Therefore, in
this research, we seek answer to the question, ‘What are the value dimensions of digital services
enabled by embedded digital technology in tangible products?’ A qualitative study has been conducted
to investigate Remote Diagnostics Services (RDS) for vehicles. Along with the three known value
dimensions, that is, value-in-exchange, value-in-use and value-in-cocreation, this research contributes
to knowledge by showing two new value dimensions: ‘value-in-connectivity’ and ‘value-inarchitecture’.
Keywords: Digital, Services, Value-in-use, Value-in-cocreation, Value-in-connectivity, Value-inarchitecture.
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1

Introduction

In this digital age, manufacturing firms embark on innovation journeys to bring changes in their
businesses. The firms are creating new business opportunities by embedding digital technology in
tangible products (Jonsson et al 2008). In this way, tangible products are getting digitalized and the
firms now can provide digital services that are enabled by embedded digital technology. For example,
General Motor (GM) provides remote monitoring and diagnostics services with the help of embedded
digital technology in their customers’ cars (Slywotzky and Wise 2003; Yoo 2010). Shoe manufacturer
Nike now embeds digital sensors in the shoes and offer digital services that inform the customers
regarding pace, distance covered and how many calories are burnt while running. With new digital
services, manufacturing firms aim to bring new value to their businesses and their customers.
However, the firms traditionally rely on value-in-exchange that is captured after selling tangible
products to customers (Vargo and Lusch 2004). Due to this tradition, conducting businesses with
digital services and identifying the value dimensions seem to be a new challenge for the firms.
Identifying the value dimensions of digital services can help the firms to successfully expand their
businesses from tangible products to digital services (Kohli and Grover 2008; Yoo 2010).
This paper identifies the value dimensions of digital services that are enabled by embedded technology
in tangible products. Value can be defined using the terms ‘exchange-value’ and ‘customer perceived
value’. Exchange value is the monetary value (a price) that is set by a firm while offering their
products or services to target customers (Vargo and Lusch 2004). Customer perceived value is the
customers’ perception of tangible and intangible outcomes that they desire from a product or service
offering (Allee 2008; Kohli and Grover 2008; Woodruff(1997). Desired tangible outcomes can be
calculated in monetary terms. Desired intangible outcomes can be better experience, strategic
information, improved business planning etc. (Allee 2008; Edvardsson et al 2005). Customers’
perception of value is connected to the value propositions that companies make with a new product or
service offering (Chesbrough and Rosenbloom 2002). Value propositions aim at solving customers’
problems and satisfying customers’ needs (Osterwalder and Pigneur 2010).
Traditionally product manufacturing firms have one dimensional view on value and that is exchangevalue (Vargo and Lusch 2004). However, with increasing servitization and customer orientation,
recent studies in IS and other disciplines argue that value is perceived and determined by customers
(Bardhan et al 2010; Lusch and Nambisan, forthcoming; Vargo and Lusch 2008a). Moreover, new
value dimensions can be added to existing tangible products when digital innovation takes place, that
is, when digital components are combined with the products to create novel digital services (Yoo
2010, Yoo et al. 2010). New value dimensions arise due to the re-programmability characteristic of
digital technology (Yoo et al 2010). Re-programmability creates opportunities for manufacturing firms
to create new value as the firms can re-program the digitalized products and offer new digital services
to their customers (Henfridsson et al 2014). Although existing research claims that re-programmability
creates new value for firms as firms can offer novel digital services, the research describes little about
the value dimensions of digital services. Prior literature on products and services focuses on three
dimensions of value: value-in-exchange, value-in-use and value-in-cocreation (Grover and Kohli
2012; Vargo and Lusch 2004). However, prior research informs little about the capability of digital
technology in relation to value dimensions associated with digital services enabled by embedded
digital technology in tangible products. Continuous digitalization of tangible products and the design
of digital services show the significance of studying the value dimensions of digital services. Digital
services are changing the business of manufacturing firms as they are not only offering products but
also providing digital services. Recently, a research agenda has been put forward in IS to understand
the value aspect of new digital services that are the outcomes of embedding digital technology in
tangible products. For example, Nambisan (2013) states that research that explains value aspect of
combining digital component with tangible products is scant and more research is required. Past
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research on the value of digital services focuses how a manufacturing firm envisioned value creation
both for them and their customers (Jonsson et al. 2008). As their research focuses on a firm’s vision on
value creation, it lacks both the knowledge on customer perceived value and the value dimensions of
digital services in general. Chesbrough and Spohrer (2006) put forward a research agenda for service
science to investigate the value aspect of digital services enabled by embedded technology in products.
They argue that modern economy is moving more towards digital services economy and the
knowledge on their value aspect is rudimentary. Therefore, we seek an answer to the following
research question: What are the value dimensions of digital services enabled by embedded digital
technology in tangible products?
To address this question, a three-year long empirical study was conducted with a vehicle
manufacturing firm that was developing remote diagnostics technology and designing remote
diagnostics services. The firm’s remote diagnostics services were enabled by embedded digital
technology in buses. With remote diagnostics services, the firm aims to expand their business and
create novel offerings together with their customers. Data sources for this research consist of meetings,
interviews, workshops and project documents. This paper makes contributions to the literature on
services (Bardhan et al 2010; Vargo and Lusch 2004) and digital innovation (Yoo et al 2010) by
illustrating new value dimensions associated with digital services.
In the following sections, a literature review on value dimensions of products and services is
presented. Next, digital services are described using the concept of layered modular architecture. Then
the research setting and approach are presented. After presenting the findings, the discussion section
delineates the value dimensions of digital services. Finally, the paper is concluded by explaining the
limitations and future work.

2

Related Literature

In this section, first the existing literature is reviewed in order to gain an understanding on value
dimensions of products and services. Later, digital services are explained with the help of layered
modular architecture. Thereafter, a framework is presented to investigate the value dimensions of
digital services.

2.1

Value Dimensions of Products and Services

Existing research shows three dimensions of value (Figure 1): i) exchange value or value-in-exchange
(Kotler and Keller 2006; McCarthy 1978), ii) use value or value-in-use (Bardhan et al 2010; Vargo
and Lusch 2004) iii) cocreation value or value-in-cocreation (Grover and Kohli 2012; Lusch and
Vargo 2006). These dimensions are described in relation to tangible products, both IT-enabled and
non-IT services. Value-in-exchange is the traditional way of viewing the value of an offering and it is
one of the aspects of goods-dominant business logic or goods logic (Alter 2010; Vargo and Lusch
2008b). Goods logic has been a conventional way of conducting business where firms manufacture
tangible products and sell the products to customers. There is little or no interaction with customers
while manufacturing the products. Over the years, manufacturing firms are following goods logic
where they rely on the value obtained from selling products that they manufacture. The value of a
product is determined by a firm when the firm sets a price for the product. Value-in-exchange can be
explained using the well-established marketing mix concept. Emerged from the research of Culliton
(1948) and later framed by Borden (1964) and McCarthy (1978), the marketing mix concept is well
known as the four Ps of marketing. The four Ps of marketing are: product, price, promotion and place
(McCarthy 1978). First, firms develop products to satisfy customers. Later, firms set price for the
products. Then they promote, that is, they tell their target customers about the products that are
designed for the customers. Then they reach out the customers’ place using channels, inventory and
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transportation (Kotler and Keller 2006; McCarthy 1978; Perreault and McCarthy 2002). The
marketing mix represents a firm’s point of view and does not portray a customer’s point of view
(Bardhan et al 2010). The concept is criticized for not focusing on relation building with customers. It
merely focuses on tangible monetary value whereas intangible value such as better customer
relationship is very important (Kohli and Grover 2008). Relationship building with customers
emphasizes on understanding customers’ needs and gives importance on customer perceived value
(Grönroos 1997).

Figure 1: Three value dimensions associated with products and services
Due to the importance of customer perceived value, the concept of value-in-use emerged (Lusch and
Vargo 2006). As an aspect of service-dominant business logic or service logic (Bardhan et al 2010;
Vargo and Lusch 2008b), value-in-use denotes that value is perceived and determined by customers
during the use of a product or service designed by a firm. When products or services are perceived
useful by customers, value is created for both the customers and the firms (Lepak et al. 2007).
Gummesson (1998) notes that value creation takes place when a products or services are used or
consumed by any customer, an unused or unconsumed product or service cannot create value. In
contrast to the value-in-exchange concept where little emphasis is given on customers’ perceptions of
value, the value-in-use concept emphasizes on customers and their needs (Bardhan et al 2010).
Ballantyne and Varey (2006) explain that relationship development, communicative interaction and
knowledge renewal can improve value-in-use. Quality relationship is built when firms and customers
interact together over a period of time. Hence, rather relying only on existing relationships,
communicative interaction and knowledge renewal based on the interactions can help firms to improve
value-in-use.
Another dimension of value is value-in-cocreation (Prahalad and Ramaswamy 2002). According to
value-in-cocreation, value can be co-created during the use of a product or service, and during the time
when firms and customers co-create value by co-design or co-production of products or services
(Grover and Kohli 2012; Sarker et al. 2012). Grönroos (2011) puts emphasis on co-design or coproduction between firms and customers for value cocreation. However, there exist different views on
co-creation in literature. Grover and Kohli (2012) point out that besides co-design or co-production of
products and services, value cocreation can take place between firms and customers when customers
use IT assets that are provided by firms. For example, Apple allows customers to use App Store to
download apps. This is an act of cocreation as this increases revenue (tangible value) for Apple and at
the same time meets the needs of their customers. Lusch and Vargo (2006) also state that the use of a
product or service is a component of value cocreation. Another component is co-design or coproduction where customers interact and share knowledge with firms in developing a product or
service. Studies within IS and other disciplines often refer to cocreation as co-design or co-production
(see e.g., Kohler et al 2011; Nambisan and Baron 2007).
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The three value dimensions, that is, value-in-exchange, value-in-use and value-in-cocreation present
an overall picture of value associated with products and services. The dimensions explain little about
the capability of digital technology and digital services enabled by the technology. Most of the prior
research on value has limitations as the focus is on sales and consumptions of products or services.
Most of the existing IS research also limits itself in customer or user involvement in developing
software systems. Therefore, the research provides little insights about the value dimensions of digital
services enabled by embedded digital technology in tangible products.

2.2

Digital Services

In this research, digital services are the services that are enabled by embedded digital technology in
tangible products. Many tangible products are now designed using modular architecture (Schilling
2000). This research also focuses on tangible products that have modular architecture. A product with
modular architecture can be decomposed into different components and the components can be
recombined. When digital technology is combined with modular products to produce digital services,
a layered modular architecture emerges as shown in Figure 2 (Hylving and Schultze 2013; Yoo et al
2010). Digital technology can be described using four layers: device layer, transmission layer,
application functionality layer and content layer (Yoo et al 2010). The device layer includes hardware
and operating systems. The transmission layer manages logical transmission and physical
transportations (including cables). The application functionality layer provides application
functionality that directly serves users during storage, manipulation, creation and consumption of
contents. The content layer contains data such as texts, images, sounds, video etc. These layers play
significant roles in creating value. Components of a modular product are combined with digital
devices (at device layer). Elements from one layer of digital technology can be combined with
elements from other layers to create novel digital services. For example, some car manufacturers use
existing embedded digital device (device layer), such as in-car audio system, deploy wireless
technology (e.g. Bluetooth) and add new software (application functionality layer) so that the
embedded digital device can be used with mobile phones for hands-free conversation (Henfridsson
and Lindgren 2005).Thus, it creates a new digital service for the car users. Due to the reprogrammability characteristic of digital technology, new digital services can be designed and added
to an existing digitalized product. Moreover, existing digital services can be modified and redesigned.
Accordingly, layered modular architecture creates the opportunity to have fluid meanings and have
product-agnostic components (Yoo et al 2010). For example, a smartphone can be used not only as a
phone but also as a camera, video player, Internet client etc. A smartphone can have product-agnostic
component, such as VOIP software that can be used in other digital devices.

Layers of Digital Technology

Modular Product

Figure 2: A general picture of layered modular architecture (adapted from Hylving and Schultze,
2013 and Yoo et al 2010)
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Embedded digital technology sets a link between products and manufacturing firms once the products
are sold. Jonsson et al (2008) explain how embedded digital technology in industrial equipment can
enable the provision of digital services for an equipment manufacturing firm and create value. Their
research shows how a firm envisions value creation and customers’ roles in value creation. However,
customers’ views on value creation are missing in the research and the research does not illustrate the
value dimensions of digital services. A purpose of digital services that are enabled by digital
innovation is to bring customer value and satisfaction (Andersson et al. 2008). A challenge for
manufacturers in developing digital services is to capture the customer perspective. Although firms
can make value propositions with technological feasibility (Chesbrough and Rosenbloom 2002),
services need to be developed with customers so that customers can perceive value (Vargo and Lusch,
2004).
Based on the literature review, a conjecture is made. To investigate the value dimensions of digital
services, it is important to understand the technological feasibility, interact with customers and
identify potential tangible and intangible value. We have built a framework (Table 1) based on
Chesbrough and Rosenbloom (2002) and Kohli and Grover (2008). Three themes are shown in the
figure: IT-embeddedness, information mindset, and tangible and intangible value. Chesbrough and
Rosenbloom (2002) argue that a company needs to articulate value propositions based on the offerings
enabled by the technology. That is why understanding technological feasibility is important. To help
the customers perceive the value of services, information needs to be shared between firms and
customers and firms should understand customer needs (Kohli and Gorver 2008). As a result of that,
an understanding of desired tangible and intangible value can be achieved.
Theme 1
IT-embeddedness

Theme 2
Information mindset







Digital capabilities
Technological Feasibility to
make value proposition

Theme 3
Tangible and intangible value

Information sharing
Customer needs

Table 1: Framework developed from Chesbrough and Rosenbloom (2002) and Kohli and Grover
(2008)

3

Research Setting and Approach

This paper reports from a research project where a group of researchers collaborated with a vehicle
manufacturing firm SmartBus (a pseudonym) situated in Northern Europe. The project was conducted
during the period 2010-2013.The project members included one project manager, three engineers, two
service developers from SmartBus, and three computer scientists and three information systems (IS)
researchers from academia. The author of this paper was one of the IS researchers. The project had
two aims. The first aim was to develop a technology that can diagnose and predict faults in a fleet of
buses with the help of embedded devices in the buses. The second aim was to design remote
diagnostics services (RDS) enabled by the technology to help the maintenance activities related to
buses. SmartBus was doing this to expand the business towards services. The prediction and diagnosis
of faults could reduce breakdowns of the buses to a large extent. SmartBus’s business focused mostly
on manufacturing and selling buses. Although they offer maintenance services, they were unable to
attract many customers to sign contracts for receiving the services. Therefore, SmartBus decided to
develop RDS that could attract the customers and bring value to them. As the manufacturer had little
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experience in digital services, understanding the value aspect of the services became a challenge. It
created an opportunity to investigate the value dimensions of remote diagnostics services (RDS).
A qualitative research approach was followed for the research. Qualitative research is useful in
understanding a phenomenon in a natural setting (Kaplan and Maxwell 1994; Myers 1997). It is also
useful in exploring how a new technology brings value to people. It provides an opportunity to learn
about people’s experiences in a dynamic and interactive way which is difficult with survey
questionnaire which has a static nature (Kaplan and Maxwell 1994; Wilson, 2006). We chose
qualitative research for this study for two reasons. First, we aimed to understand customers’
experience in an interactive way. This could give us an opportunity to engage in conversations about
their problems that could be dealt with remote diagnostics services. Second, we aimed to involve
customers in designing digital services that could meet their needs.

3.1

Data Collection

Data was collected from different sources. The sources were project meetings, interviews, workshops,
technical reports, weekly project reports. Notes were taken during the meetings and workshops.
Interviews were audio recorded and transcribed. Table 2 shows the data that was used for this
particular research.

Data Sources

Remarks

Monthly project meetings

20 monthly meetings with all project members

Service development
meetings

30 service development meetings with the service
developers

Workshops

4 workshops with internal stakeholders of SmartBus and
employees from Public Transport Operating Companies
(PTOC) who are the target customers.

Interviews

8 interviews with the employees of three Public Transport
Operating Companies (PTOC), 4 interviews with the
engineers, 3 interviews with the computer scientists who
were involved in the project

Technical reports

Reports written by the engineers and computer scientists
who were involved in the project. These describe
technological features.

Weekly reports

Reports written by the project manager who summarized all
weekly project activities

Table 2: Data Sources

3.2

Data Analysis Strategy

For the data analysis, three steps are followed: data reduction, data display and conclusion drawing
(Miles and Huberman 1994). In the data reduction step, we carefully listened to the recorded
interviews, read notes from meetings, technical reports, weekly reports to identify data that was
relevant to understand the value dimensions. We set aside the data that did not deal with the value
aspect. For data display, we coded according to the framework presented earlier in Table 1. We code
the data following three themes: i) technological capability related to RDS, ii) problems identification
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and customer needs iii) Firm’s and customers’ expectations from RDS to bring tangible and intangible
value. Conclusion is drawn based on each theme.

4

Findings

This section outlines findings on SmartBus’s remote diagnostics services (RDS). It is based on the
framework presented in Table 1. The technological features of remote diagnostics services are
presented. Later, interactions with customer and their involvement in service design are described.
4.1

Embedded Digital Technology that Enables RDS: Value in Architecture

The analysis of technical reports and interviews with the engineers and the computer scientists
provided some important findings regarding RDS. The infrastructure of RDS consists of: i) embedded
sensors in the different parts of each bus in a fleet ii) a central device placed in every bus to process
signals from the sensors, iii) intra-vehicular and wireless transmission systems and iv) a remote station
where the transmitted signals are collected and further analyzed using an algorithm. The analysis is
done to seek deviation pattern among the buses. If any bus deviates, the reason for deviation is
identified, faults are diagnosed and predicted. Prior to remote diagnostics technology, SmartBus had
little or no information about the functioning of the buses once they were sold. Using remote
diagnostics technology, SmartBus are now able to know about the functioning of the buses. RDS can
provide significant value to both SmartBus and their customers. First, a connection between the
company and their customers’ buses can be established so that the buses can be monitored and
breakdowns can be reduced. Second, a possibility opens up for SmartBus to offer digital services
based on the generated information.
An important part of RDS is a device called VACT that is embedded in every bus of a fleet. Every
VACT is connected to a bus’s intra-vehicular transmission system that collects data from the
embedded sensors in various components of a bus. Sensors provide data regarding different parts of a
bus. Another essential part of RDS is called COSMO algorithm. A segment of the algorithm is used as
embedded software in VACT for on-board diagnostics. When VACTs in each bus collect data from
the embedded sensors, analyze the data and transmit analyzed data wirelessly to a remote station,
experts at the remote station deploy COSMO to seek deviation pattern in the fleet. Moreover, different
functions can be added to the algorithm at any time to execute different pattern seeking operations.
Figure 3 shows the architecture of RDS. The architecture of RDS does not completely follow the
characteristics of layered modular architecture. For example, VACTs are re-programmable and
different operations can be conducted using VACTs. On the other hand, embedded sensors are
basically fixed purpose devices. Hence, the architecture of RDS has characteristics of both modular
and layered modular architecture.
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Figure 3: The Architecture of RDS
By making some adjustments to COSMO, new functionalities can be added to the VACTs’
functionalities in the buses to conduct different operations and enhance on-board diagnostics. This
makes COSMO a dynamic algorithm rather than a static one. The algorithm is patented. Due to the
competition factor, SmartBus developed the core technology in a closed innovation environment.
Hence, customers were not involved while developing the core technology. However, the ultimate aim
for SmartBus is to design digital services for the customers. The device was developed in such a way
that it can be re-programmed. The algorithm could also be adjusted when necessary. It provided
opportunities to look into customers’ needs and design digital services around the needs. The value
propositions that are made with the core technology are: a) real-time vehicle monitoring, b) prediction
of faults in different parts of vehicles, c) reduction of vehicular breakdowns using early predictions, d)
regular provision of updated information on vehicular health, e) reduction of unnecessary maintenance
works, f) design of digital services according to customer needs.

4.2

Interacting with Customers and Connecting their Vehicles: Value in
cocreation and Value in connectivity

In the initial phase of the project, the project members contacted a Public Transport Operating
company (PTOC) to understand their experiences regarding vehicle maintenance and their needs from
remote diagnostics. The PTOC was a target customer for RDS. The representatives from the PTOC
started sharing their experiences with the project members. SmartBus lacked in-depth information
about how buses were run by their customers, what kind of problems they faced with bus operations.
The project members decided to interact with two more PTOCs as target customers. There were two
types of PTOCs. One type had maintenance service contracts with SmartBus. They brought their buses
to SmartBus’s workshop once in three months or six months. Technicians performed required
maintenance activities. Another type of PTOCs had its own maintenance workshops and conducted
routine maintenance themselves. Unexpected breakdowns seemed to be a common problem with both
types of PTOCs. A maintenance planner points to that problem:
Currently, although every bus goes through scheduled maintenance, unexpected breakdowns cannot
be reduced. We do some regular check-ups in various parts. To reduce breakdowns, we often change
parts even when the change is not necessary. It costs extra. We just do not want any breakdown.
However, it is not the case in reality.
When a bus faces breakdown, a real difficulty for a technician was to find the reason for the
breakdown. Identifying the reason of a breakdown was not always easy. It required both time and
energy. As a manager of a PTOC quoted:
Sometimes, it becomes really difficult and time consuming in detecting faults. The existing procedure
has limitations in detecting faults.
In this way, the project members gathered knowledge regarding the problems regarding current
maintenance techniques. The project members and the representatives of PTOCs formed a team to codesign remote diagnostics services. During workshops, the representatives from PTOCs shared
knowledge about how to solve existing problems using remote diagnostics and what services can be
designed. For example, the team designed a service to notify a deviation that could occur in the doors
of a bus.
The engineers of SmartBus decided to work with a fleet of nineteen buses of a PTOC. The engineers
embedded the VACT devices to PTOC’s buses. Using wireless communication, the engineers
collected data from the devices, started seeking deviation patterns in the buses. The employees of the
PTOC were interviewed to explain the faults that often occur during bus operations. The engineers
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noted down the problems and tried to identify the causes of the problems. Although the customers
were not involved in the development of the core technology, the engineers and the scientists involved
them for further development of the COSMO algorithm. Their comments were significant in reprogramming VACT and making necessary adjustments in the analysis using COSMO. The
connection to the PTOC’s vehicles created an opportunity to collect data from the vehicles and
continuously monitor the vehicles in an experimental setting. Continuous data collection from vehicles
and analyzing the data must be ensured to diagnose and predict any problem. Continuous data
collection and analysis are also the necessary conditions for providing remote diagnostics services.
The connection opened the door for SmartBus to learn continuously about the PTOC’s buses and
provide monitoring services for the buses.
The PTOC was engaged in the cocreation of RDS with SmartBus by supplying the service records of
their buses. This helped the technology developers in decision making. Hence, remote diagnostics
creates an opportunity for SmartBus to innovate together with their customers. This helps the company
to build a new relationship with the customer. According to an engineer:
Service records are important. Customers keep records of maintenance service activities. Using
COSMO, when we see a bus is deviating, we can map it with the service records. The records inform
us about previous problems in different parts of buses. This helps us to correlate the results from
remote diagnostics and helps to predict faults.
The project members found another way of creating business with the data collected from the buses.
The data could be sold to the PTOCs so that they could design the required digital services. In that
case, the PTOCs needed to have experts to deal with the data. This was particularly possible for the
PTOCs that were large and had their own maintenance facilities. For this particular scenario,
SmartBus were not supposed to provide digital services; rather they were supposed to continuously
transfer data to PTOCs. As one engineer stated:
We now regularly collect data from the vehicles. There is an opportunity to sell the data to customers.
They can use the data and design diagnostics services according to their needs.

4.3

Potential Tangible (Value in Exchange) and Intangible Value (Value in
Use)

While interacting with the project members and using the experimental remote diagnostics technology
in their buses, the representatives of the PTOC perceived the usefulness of remote diagnostics
services. Customers described that fuel consumption had been an important issue and it should be
taken seriously during the design of remote diagnostics services. Using COSMO, the engineers looked
for the parameters that could influence fuel consumption. Reduction in fuel consumption could result
in direct economic value to the customers as that could save money. One of the reasons for extra fuel
consumption is the style of driving. A particular digital service could be offered to the customers that
would help them to monitor driver behaviour.
Another important aspect that customers raised was the notification of faults. A traffic manager of a
PTOC stated that any information about faults should be notified not only to drivers but also to the
maintenance manager and the traffic manager simultaneously. This could help the PTOC to plan for
the maintenance in advance. Advanced notification to the managers could help them to arrange new
parts and plan maintenance activities. This particular customer expectation helped the developers to
understand how the data from diagnostics can be used. Service developers started designing digital
services related to notification and maintenance planning.
PTOCs often assigned tasks for technicians to fix problems. A traffic manager of a PTOC with its own
maintenance workshop found a potential value of RDS. In his opinion, there is possibility for saving
time and labour cost. A maintenance manager quoted:
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Time can be saved using the diagnostics information from RDS. When we know which part needs
replacement, it can be done in quick time and the technicians can focus on another task.
During the workshops with internal stakeholders of SmartBus, we identified some potential tangible
and intangible values for SmartBus. The stakeholders were comprised of different business area
representatives, maintenance managers, maintenance planners. The stakeholders discussed several
related issues. At present, SmartBus offers maintenance services to customers through service
contracts. SmartBus offers maintenance services to the PTOCs that do not have their own maintenance
facilities. By predicting faults and supplying information regarding faults on vehicular parts, it can
reduce unnecessary maintenance costs and time. It can also increase parts sales. A better customer
relationship can be built with remote diagnostics services. Moreover, the stakeholders expressed their
plans for RDS. According to them, RDS can be packaged in a service contract and offered to
customers. Customers will be required to pay for the service packages. RDS can create future
opportunities for business development and help SmartBus in service orientation.
Based on the discussion with the customers and stakeholders, potential tangible and intangible values
are listed in table 3.
Potential Tangible
Values for firms

Potential Intangible
Values for firms

Potential Tangible
Values for Customers

Potential Intangible
Values for Customers

Offering service
packages

Better customer
relationship

Reduction in fuel cost

Better vehicular performance

Selling parts and data

Continuous information
about the conditions of
vehicular parts

Reduction in the frequent
change of vehicle parts

Vehicle monitoring,

Reduction in
maintenance costs

Predicting future
business opportunities

Reduction in labour cost

Driver behaviour monitoring

Reduction in
maintenance time

More service orientation
over time

Reduction in downtime

Better maintenance planning

Table 3. Potential Tangible and Intangible Values

5

Discussion

This research aims at identifying the value dimensions of digital services that are enabled by
embedded digital technology in tangible products. Prior research shows three value dimensions
associated with products and services: ‘value in exchange’ ‘value in use’ and ‘value in cocreation’
(Bardhan et al 2010; Lusch and Nambisan forthcoming; Vargo and Lusch 2004). Along with the
known three dimensions we have found two more value dimensions associated with digital services: a)
value in connectivity, b) value in architecture (Figure 4). Before describing these two value
dimensions, first we are going to explain how ‘value in use’, ‘value in cocreation’ and ‘value in
exchange’ exist in digital services. We have found that customers can perceive the value of digital
services while using digitalized products. Moreover, customers can interact with a firm and express
the desired outcomes from digital services. This is how ‘value in use’ was found in our empirical
findings.
Our empirical findings also illustrate value cocreation activities when knowledge is shared between
the firm and target customers in designing digital services. Moreover, we have found that cocreation
of digital services is also possible if firms share the digital contents obtained from digitalized products
to their customers. Customers can design useful digital services for themselves using the contents.
Along with ‘value in use’ and ‘value in cocreation’, our findings also show that a manufacturing firm
has the possibility to conduct business with digital services in such a way that the firm determines the
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value of the digital services by creating service packages and set prices for the packages. This is
similar to the ‘value in exchange’ concept that emphasizes on determination of value through pricing
(Bardhan et al 2010).

Figure 4: Five Value Dimensions of Digital Services

Our research contributes to the existing knowledge by showing two new value dimensions associated
with digital services. To provide digital services, a necessary condition is to have continuous
connection to tangible products. For this reason, the dimension ‘value in connectivity’ emanates. Our
empirical findings illustrate that a digitalized product works as a medium for data generation and
transmission. The provision of digital services relies on the data generated from digitalized products.
Connectivity to products and reception of data are necessary for firms to provide digital services.
Now, the differences between ‘value in connectivity’ and the two known dimensions ‘value in use’
and ‘value in cocreation’ are going to be discussed. The difference between ‘value in use’ and ‘value
in connectivity’ is in the way of provisioning the services. ‘Value in use’ relies on the use or
consumption of products or services by customers and hence customers play active roles (Lusch and
Vargo 2006). Manufacturing firms can play passive roles in ‘value in use’ when products are sold to
customers and customers consume the products. In case of digital services, digital service provision
and value creation depend on a firm’s continuous and active dealings with the data collected from
products. In addition to customers’ continuous use of the products with embedded digital technology,
firms need to be continuously active for successful service provision. The difference between ‘value in
cocreation’ and ‘value in connectivity’ is that ‘value in cocreation’ can be achieved from the
beginning of digital service design. Firms and customers can cocreate value by sharing knowledge in
designing the services. The knowledge sharing can be continued to innovate and redesign the services
once service provision begins. However, ‘value in connectivity’ is achieved only when services are
provided using the connectivity with products.
Another value dimension related to digital services that has been identified is the ‘value in
architecture’. The layers of digital technology are significant for the design and provision of digital
services. Embedded digital technology in modular products creates connection between technological
layers and the components of modular products (Yoo et al 2010). This combination enables the
provision of digital services. The digital capability in products creates opportunities for firms to make
new value propositions to customers by designing digital service offerings. Due to the combination of
modular product components with digital technological layers, the firms now can offer not only
tangible products, but also continuously design and offer digital services. The services focus on
improving customers’ experience with products. The architecture also creates possibility for actively
involving customers in digital service design. For example, our findings have shown that customers
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can share knowledge in developing the application functionality layer although there was no customer
involvement during the development of the device or transmission layers. Moreover, customers work
together with the firm in designing digital services. Depending on how firms conduct digital service
businesses, the co-designing of digital services can continue during the lifecycle of products.
‘Value in architecture’ differs from ‘value in cocreation’ due to the type of firms’ involvement. Value
in cocreation is about firm-customer interaction during the design or the use of products or services
(Bardhan et al 2010; Lusch and Vargo 2006; Grover and Kohli 2012). ‘Value in architecture’ is first
achieved when firms make value propositions to customers before involving them in digital service
design. Once value propositions are made to target customers, customers get involved in digital
service design. ‘Value in architecture’ is gained later when firms make new value propositions during
a product lifecycle. This happens when customers point at any requirement for a particular digital
service. Necessary arrangements and adjustments can be made at the application functionality layer.
The contents at the data layer can be presented according to customers’ needs and new digital services
can be offered during the product lifecycle. In this way, customers can influence the development of
the top two layers of the layered architecture (Figure 5). ‘Value in architecture’ differs from ‘value in
connectivity’ as ‘value in connectivity’ is gained only during service provision.

Figure 5. Value in Architecture

6

Conclusion

In this research we have investigated the value dimensions associated with digital services enabled by
embedded digital technology in tangible products. We have found five dimensions including two new
dimensions. With two new dimensions, we have explicated that digital services have value dimensions
that were not observed in the earlier research on value dimensions of products and services (Bardhan
et al 2010; Vargo and Lusch; Grover and Kohli 2012). Previous IS research on the value aspect in
digital innovation (Jonsson et al. 2008) informs only about the firm’s vision on value creation and
hence informs little about different dimensions of value. It is argued in recent literature in digital
innovation that new value dimensions emerge when tangible products are combined with digital
technology to render digital services (Yoo et al 2010). Our research provides an empirical support to
the argument. Our research also contributes to the recent call for research by Yoo et al (2010) and
Nambisan (2013) who urges for investigating the value dimensions of digital services that result from
the combination of digital and tangible components.
This research has implications for practice in two ways. First, it shows the value propositions for
combining digital technology with vehicles to monitor vehicles. Second, it shows the implications of
customer involvement in digital service design. Our findings show that involving customers in the
design of digital services can really help in building a good customer relationship.
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Future research can aim at dealing with some limitations of this research. First, this research focuses
on business-to-business (B2B) setting. Future research can be conducted to investigate a business-toconsumer scenario. Second, within B2B setting, other industries should be investigated where
embedded digital technology is being deployed in tangible products to render digital services.
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